Nowadays, problems with wastes constitute a danger increasingly important for the recipient environments. Indeed, the water is affected in an increasing way by mineral and organic materials from which some ones are pathogenic and thus dangerous for the ecosystem. It is in this context that the present study took place, it relates to the surface waters pollution of the Wadi Bounamoussa in the Algeria northeast. The study concerns the analysis of physical and chemical parameters of waters such as: temperature (T), pH, electrical conductivity (EC), Cl -, chemical oxygen demand (COD), total absorbance colour (TAC), total hardness (TH), PO 4 3-, total phosphorus (P tot ) along the wadi in one year long survey (October 2013 to July 2014). Waters were sampled at ten study sites with a quarterly sampling.
, chemical oxygen demand (COD), total absorbance colour (TAC), total hardness (TH), PO 4 3-, total phosphorus (P tot ) along the wadi in one year long survey (October 2013 to July 2014). Waters were sampled at ten study sites with a quarterly sampling.
In order to establish a relationship between various physical and chemical parameters and for a better assessment the anthropogenic effect on the Wadi Bounamoussa's water quality, we have processed a statistical treatment by means of the Principal Component Analysis (PCA).
PCA has revealed two gradients. The first reflects the eutrophication caused by chemical fertilizers used in agriculture and the intensive livestock farming development, while the second describes the resulting water mineralization of high rates of the Cl -and EC. Moreover, PCA has allowed discriminating the stations according to their physical and chemical data. This study has allowed us also to reveal the influence of seasonal variations.
INTRODUCTION
Water resource protection is one of the most essential concerns of any environmental policy, these resources being identified as paramount for the future . The deterioration of the water springs quality resulted of human activity constitutes as important a threat as that associated to the quantitative imbalance. In Algeria, population growth accompanied by a rapid urbanization cause numerous perturbations for natural environments [KHERIFI 2016] . In parallel, the industrialization, the unsustainable use of fertilizers and pesticides, and the public awareness lack of environmental protection lead to an ecosystem imbalance and generate pollutants that can affect the receptor aquatic environement's physical and chemical and biological quality (lake, river, marsh, etc.), but also alter the water uses (water abstraction, swimming, fishing, etc.) [HARRAT, ACHOUR 2010] .
The lakes and reservoirs's eutrophication count from among the water pollution types that are the most common [SEMAOUNE 2008] . It is a very slow natural process by which water bodies receive a large amount of nutrients, including the phosphorus and the nitrogen that stimulate the algae and aquatic plants growth. In particular, the increased use of chemical fertilizers, the intensive livestock farming development in the agriculture, the industrial effluents and domestic wastewater which have accelerated in many water courses and lakes by their significant inputs of phosphored and nitrogen materials in these mediums [KHELLOU 2012] .
The objective of this study is to assess the Wadi Bounamoussa's surface waters quality which is one of the important water courses in the north-eastern Algerian region. We have adopted a physical and chemical approach by describing the various parameters's evolution in this wadi waters.
MATERIALS AND METHOD STUDY AREA
Wadi Bounamoussa takes its birth in height's Bouhadjar town by the confluence of the Wadi El--Kebir and Wadi Bouhadjar at the level of the El-Taref city [LABAR 2003 ]. It is one of the main water courses situated in the El-Taref town. Originating from the territorial division of 1984, the El-Taref town is situated in the Algerian's extreme north-east and extends on an area of 2.891.63 km 2 . It has a 90 km of coastline (Fig. 1 ). This wadi is localised into El-Taref and Annaba cities, which 90% is localised in El-Taref city with its communes of Besbes, Echatt, Zerizer, Asfour, Ben M'Hidi and Chebaita Mokhtar and the 10% for Annaba city restrained at both communes El-Hadjar, El-Bouni only [KHEIREDDINE 2012] . HARIDI et al. [2012] In the north, the plain is limited mainly by the Djebel Boukerma which culminates at 356 m, in the South by Koudiat El-Kriane with 476 m of altitude, in the East by Mechtet Abdelkader 509 m of altitude while in the West by Kef Ed Deba reaching 556 m of altitude [BOUKHNOUNA 2008] .
The various sources of potential pollution recensed in the study zone (domestic wastewaters, industrial and run-off and leaching agricultural), orientated us towards the ten stations choice (S01 to S10) distributed along the Wadi Bounamoussa (Fig. 2) ; have been retained such that they are accessible and reflecting the real characteristics of the Wadi Bounamoussa's surface waters in the study zone. The coordinates, the various sampling points in these stations are indicated by a (Global Positioning System GPS) device (Tab. 1). 
METHODS
Water sampling along the Wadi Bounamossa ( Fig. 2) , on ten stations, during the hydrological year (2013/2014), have allowed to make four measurements campaigns: (October 2013, January 2014, April 2014 and July 2014).
The water samples were taken and introduced into polyethylene bottles previously rinsed with the station water. They have been then stored at 4°C during transport them to the laboratory where they were carried out within next 24 hours of sampling.
The parameters recorded in situ are: pH (hydrogen potential), temperature (T) and electrical conduc-tivity (EC), the measurement device is a multiparameter (HANNA instruments HI 9828). The determination of the chemical oxygen demand (COD) by the AFNOR method (T90-101) [RODIER et al. 2009] . The chloride ions's analyzes (Mohr volumetric's method), alkali concentration and total hardness (volumetric method) [RODIER et al. 2009 ].
The ortho-phosphate's dosing is determined by the in acid medium colorimetric's method [RODIER 2009 ]. An acid mineralization is used for the total phosphorus dosing [RODIER et al. 2009] .
RESULTS AND DISCUSSION
In order to establish a relationship between the different physical and chemical parameters and for better assess the anthropogenic activities effect on the Wadi Bounamoussa's water quality, a statistical treatment by mean of PCA method "The Principal Component Analysis" was applied for the whole parameters.
The PCA is a data analysis tool that explains the correlations structure or covariance using the original data's linear combinations. Its use allows us to reduce and interpret data in a reduced space. The PCA's object is to present, in graphic form, the information maximum contained in a data table, based on the double projection principle on the factorial axes.
Nine variables temperature (T), pH, electrical conductivity (EC), Cl -, chemical oxygen demand (COD), total absorbance colour (TAC), total hardness (TH), PO 4 3-, total phosphorus (P tot ) and ten individuals from S01 to S10 used by PCA treatment, over one year of monitoring during the (2013/2014) period.
The PCA results on a data matrix; which consisting of ten stations during the wet campaign (high water mark) and ten stations also during the dry campaign (low water levels). Explanations: EC = electrical conductivity, T = temperature, COD = chemical oxygen demand, TH = total hardness, TAC = total absorbance colour. Source: own study.
LOW WATER LEVELS PERIOD
The study shows significant positive correlations between organic pollution parameters (P tot , PO 4 -3 ) where this ratio exceeds 66% (r > 0.66), and between the mineral pollution parameters such as chlorides and electrical conductivity (r > 0.90) - Table 3 .
At the same time, we note a significant negative correlation between the chlorides and the organic pollution parameter rC -/P tot = 0.70. A highly significant negative correlation was observed between pH and orthophosphates with r ≥ 0.5.
The correlation circle observation shown in (Fig.  3) formed by the F1-F2 axes, thus the factorial design analysis F1-F2 axes shows that over 63.68% of the information are illustrated. The F1 axis has a variance of 37.74% and the F2 axis has 25.94%. The F1 axis is expressed by the electrical conductivity, the chloride ions and the complete alkali concentration in the positive pole but total phosphorus and the orthophosphate in the negative pole. The F2 axis consists of the total hardness in the positive pole, whereas the pH and the chemical oxygen demand oppose this parameter with a negative correlation coefficient. Regarding the variables representation, this graph highlights two large groupings of the parameters studied in the water points, it is seen that taking into account the mineral and organic variables. The first grouping that takes into account "Cl -, EC, TAC". This important correlation shows that these elements participate majorly in the water mineralization. These ions are responsible for mineralization in the study zone's different waters. The mineralization origin would be sea water on the one hand and on the other hand the evaporitic geological facies of gypsum on the other.
The second grouping contains (PO 4 3-, P tot ) shows an anthropogenic pollution from municipal discharges. These releases come from various domestic uses of water and agricultural activities through the agricultural crops's spreading (fertilizers and pesticides) and the animal farming. A trioazote, phosphate and potassium (NPK) is all these product's basis.
The individuals graphical representation (Fig. 4 ) also allows to distinguish three groups. The first group formed by the variables account the station (S05 and S07) which represents the point whose water quality is loaded with PO 4 3-and TH. These two stations are represented by the Zerizer village's raw wastewater, the high contents in orthophosphate, shows the urban and agricultural pollution in the waters and the organic matter decomposition that favours the bacteria and algae proliferation [ILNICKI 2014] . The second group contains the stations of S01 to S03 and S08 which represents the points whose waters are weakly mineralized with a high content in the whole total phosphorus. Thus indicate the wadi's waters pollution of the agricultural origin caused by the direct discharges of the polluting substances of the urban activities. The third group comprises the stations S09 and S10 which represents the Wadi Bounamoussa's outfalls in the estuarine zone characterized by a strong mineralization expressed by values of very high electrical conductivity and abundant chloride ions. This group of sampling stations therefore reflects the influence of sea water on the physical and chemical quality of the Wadi Bounamoussa's final sequence. 
HIGH WATER MARK PERIOD
The examination shows a very significant positive correlation ratios, in particular between parameters of mineral pollution, electrical conductivity and chlorides, where this ratio exceeds 92% (r > 0.92), rTH/TAC = 0.53 - Table 4 . And between the organic pollution parameters such as rPO 4 -3 /P tot = 0.45. A highly significant negative correlation was observed between (COD, TH, TAC and pH).
It is also pointed out that the correlation coefficient rP tot /Cl -= -0.62. The correlation circle formed by the F1 and F2 axes in (Fig. 5) giving 64.88% of the total information, shows that: the F1 axis has a 39.47% variance presenting only the variables with organic character, P tot and PO 4 3-, with the presence of Cl -, the conducti- Fig. 5 . The stations graphic representation on the factorial design F1, F2 in a high water mark period; source: own study vity and temperature, are detached on the positive part of F1 axis, in opposite side to the variables's organic pollution. This axis then defines a mineralization gradient and organic pollution, which affects the aquatic environment. While the F2 axis has a variance of 25.41%. It is constituted by the complete alkali concentration and the chemical demand of the oxygen in the positive pole contrariwise by the pH is in the negative pole. Individuals's graphical representation (Fig. 6 ) allows to distinguish two groups also.
The first group includes the stations (S01', S02', S03', S04', S06', S07', S08'). This group characterizes the Wadi Bounamoussa's water during the high water mark season where a high organic pollution would cause high levels contents of both ions orthophosphate and total phosphorus; a slightly lower pH compared to the other groups. This organic pollution caused by increased use of chemical fertilizers also by the waters that flow directly into the wadi without sanitation. The second group comprises the stations (S09' and S10') which represent the points whose waters are highly mineralized. This is reflected by the good positive correlation between the Cl -ion concentrations and the electrical conductivity values in these two stations. 
HIGH WATER MARK AND LOW WATER LEVELS PERIOD
The correlation matrix examination between variables revealed the existing correlation between the parameters Cl -and EC is an obvious correlation. On the other hand we interest by the negative correlation between Cl -and P tot . During high water mark the low chloride content (Fig. 8) could be explained by dilution by rainwater's. Since chloride ions have a high concentration in low water levels periods (Fig. 7) , where the sources of this element are essentially constituted by wastewater discharge, notably urban waste , at the level of our stations. This pollution is rather anthropogenic and would result from the presence of domestic wastes, phytosanitary products used in agriculture and animal excrement in the wadi edge. At the same time, a high concentration of total phosphorus is noted during the high waters mark (Fig. 8) which exceeds the Algerian standard of the National Agency for Hydraulic Resources (ANHR) of surface waters (≤1 mg·dm -3 ). The high content of total phosphorus cause the eutrophication phenomenon which leads to ecosystem disturbance by the algae appearance such as Cyanophyceae with a frequency of (44.03%), Eu- Fig. 7 . Spatio-temporal variation of chloride ion and total phosphorus concentrations in the Wadi Bounamoussa's waters in low water levels period; source: own study Fig. 8 . Spatio-temporal variation of chloride ion and total phosphorus concentrations in the Wadi Bounamoussa's waters in high mark period; source: own study glenophyceae (41.61%), Diatomophyceae (10.96%) and chlorophycated (3.38%) [NECIB et al. 2013] .
CONCLUSIONS AND RECOMMENDATIONS
The statistical and graphical treatment of the results obtained from the physical and chemical parameters measured in the surface waters of Wadi Bounamoussa shows a degraded water quality. BAHROUN and BOUSNOUBRA [2011] reached this conclusion, which calculated the organic pollution index (OPI = 1.33), indicating the alteration of the waters of our study area whose has a very high organic pollution class. Principal Component Analysis revealed significant links between organic elements and minerals. The statistical study reveals the existence of two group waters: a Wadi Bounamoussa's water characteristic group during the dry season, which has a high mineralization at the mouth due to the high content of chloride ion and electrical conductivity. And a group is characteristic of the Wadi Bounamoussa's water during the rainy season that presents an organic pollution caused by the richness of the environment in organic pollutant (total phosphorus and orthophosphate) thus favouring the phenomenon of eutrophication.
This phenomenon favours an anarchic multiplication of algae and aquatic plants. Agricultural and industrial activities also urban area, are the essential sources of these phosphorus materials, so preserving water resources become imperative in the face of the degradation of these aquatic ecosystems and recommend the establishment of wastewater treatment plants. Therefore, we recommend also an urgent control measures and effluent treatment. 
